Background
==========

Population aging has progressed worldwide, remarkably so in Japan where there is a high increase in the proportion of people ≥75 years old.[@b1-cia-11-1141] The number of elderly people with low activities of daily living (ADL; eg, those requiring nursing care) has recently increased. More than 20% of Japanese people ≥75 years old have received certification of a need for long-term care from the government.[@b2-cia-11-1141]

Human aging often entails conditions such as frailty and disability for a while before death[@b3-cia-11-1141] but varies widely between individuals. This variation is based on the physical age relative to chronological age. Frailty is considered to pose a risk of disability and adverse health outcome. Several reports demonstrated frailty as a predictor of adverse outcome in cardiovascular diseases.[@b4-cia-11-1141] Disabilities were broadly defined as dependency in performing ADL. Some epidemiologic studies showed that ADL predict mortality in the elderly population.[@b5-cia-11-1141],[@b6-cia-11-1141] Moreover, disability is also related to incidence of coronary heart disease.[@b7-cia-11-1141]

The current American College of Cardiology/American Heart Association (ACC/AHA) guidelines underscore the need to consider geriatric conditions for care and outcomes in elderly patients with acute myocardial infarction (AMI).[@b8-cia-11-1141],[@b9-cia-11-1141] Patient age is an important determinant of outcome in AMI; it carries high weightage in scales such as the thrombolysis in myocardial infarction (TIMI) score and Grace score, which are AMI risk classifications.[@b8-cia-11-1141]--[@b12-cia-11-1141] However, geriatric conditions are not usually considered when calculating such scores. Clinically, there is an occasional mismatch between chronological age and physical age.

Because of population aging, elderly AMI patients with disabilities are no longer rare. The clinical impact of ADL disability on complications and outcomes of acute diseases, such as AMI, has not been systematically studied, because older adults with disability are rarely represented in clinical trials or studies. In the present study, we focused on physical age based on ADL levels and aimed to assess whether prehospital ADL could predict complications and outcomes in elderly patients with AMI, with the aim of developing better care and management.

Methods
=======

Study design and patient population
-----------------------------------

This was a single-center, observational, and retrospective cohort study designed to investigate the clinical impact of ADL on complications and outcomes of AMI in elderly patients (≥75 years old). We retrospectively reviewed patient records and collected in-hospital and 1-year survival data. The study subjects were 82 consecutive patients ≥75 years old with AMI who underwent primary percutaneous coronary intervention (PCI) in Nagano Red Cross Hospital from August 2011 to March 2014. All admitted patients were evaluated for prehospital ADL according to the scale for independence degree of daily living for the disabled elderly by the Japanese Ministry of Health, Labour, and Welfare ([Table 1](#t1-cia-11-1141){ref-type="table"}). This scale is used in Japan in association with governmental long-term care insurance. The ADL survey is based on interviews of patients or their families.

Preserved ADL was defined as not requiring any assistance or nursing care (Rank J), and low ADL was defined as requiring any assistance or nursing care (Ranks A--C) in daily life before admission. The patients were divided into preserved ADL (n=52) and low ADL (n=30) groups according to ADL survey results on admission. Patients with post coronary artery bypass grafting, definite or probable stent thrombosis, or cardiopulmonary arrest were excluded. All study participants provided written informed consent and the study design was developed in accordance with the Declaration of Helsinki and approved by the ethics committee at Nagano Red Cross Hospital.

Definition
----------

AMI included ST-segment elevation myocardial infarction (STEMI) and non-STEMI and was diagnosed according to the AHA/ACC guidelines.[@b13-cia-11-1141] The Killip classification is a clinical scale to stratify the severity of heart failure (HF). Patients in Killip class I demonstrated no evidence of HF. Patients in Killip class II had findings consistent with mild-to-moderate HF. Patients in Killip class III demonstrated overt pulmonary edema, and patients in Killip class IV were in cardiogenic shock.[@b14-cia-11-1141] Diabetes was defined as glycosylated hemoglobin ≥6.5%, treatment with oral hypoglycemic agents, or treatment with insulin injection. Hypertension was defined as systolic blood pressure ≥18.7 kPa, diastolic blood pressure ≥12.0 kPa, or ongoing treatment for hypertension. Dyslipidemia was defined as a serum total cholesterol concentration ≥5.7 mmol/L, low-density lipoprotein cholesterol concentration ≥3.6 mmol/L, or ongoing lipid-lowering therapy. Body mass index (BMI) was defined as weight in kilograms divided by the square of height in meters. HF history was based on a previous diagnosis of HF. Multi-vessel disease was defined as the presence of ≥75% lesions in ≥2 major coronary arteries on coronary angiography.

Data analysis
-------------

All statistical analyses were performed with EZR Version 1.21.[@b15-cia-11-1141] Continuous variables are reported as mean ± standard deviation. Categorical variables are reported as frequencies and percentages. Patient characteristics of both groups were compared using Fisher's exact test. Continuous variables were compared using the Student's *t*-test. Multivariate logistic regression analysis and Cox proportional hazards model were used to adjust for the effects of ADL on Killip classification and mortality within 1 year. *P*\<0.05 was considered statistically significant in all analyses.

Results
=======

Patient characteristics
-----------------------

Patient characteristics are shown in [Table 2](#t2-cia-11-1141){ref-type="table"}. Of the 82 patients ≥75 years old, 52 (63.4%) and 30 (36.6%) were categorized into the preserved and low ADL groups, respectively. The low ADL group was significantly older and had a stronger stroke history. Prevalence of major risk factors for arteriosclerosis (hypertension, dyslipidemia, and diabetes) was not significantly different among groups. History of cardiac diseases, such as HF, atrial fibrillation, and myocardial infarction, was also not significantly different. The patients in the low ADL group differed in BMI, hemoglobin concentration, and serum albumin level.

Clinical presentation
---------------------

The principal conditions of AMI are shown in [Table 3](#t3-cia-11-1141){ref-type="table"}. There were no significant differences between the preserved and low ADL groups with respect to the rate of STEMI, the culprit vessel, coronary artery complexity (prevalence of multivessel diseases and SYNTAX score),[@b16-cia-11-1141] door-to-balloon time, and symptom-onset-to-balloon time. However, the low ADL group included more cases with a higher Killip class than the preserved ADL group (Killip class II--IV, 23.1% vs 60.0%, *P*=0.0019, [Figure 1](#f1-cia-11-1141){ref-type="fig"}). In-hospital mortality rate was significantly higher in the low ADL group than in the preserved ADL group (5.8% vs 30.0%, *P*=0.0068, [Figure 2](#f2-cia-11-1141){ref-type="fig"}). All-cause death occurred in four (7.7%) patients and 13 (43.4%) patients in the preserved and low ADL groups, respectively. Kaplan--Meier curve analysis revealed that 1-year all-cause mortality was significantly higher in the low ADL group ([Figure 3](#f3-cia-11-1141){ref-type="fig"}).

Regression analysis
-------------------

Multivariate logistic regression analysis showed that ADL was an independent predictor of HF complications (Killip class II--IV). Similarly, the Cox hazard regression model revealed that ADL was an independent predictor of 1-year mortality ([Table 4](#t4-cia-11-1141){ref-type="table"}). Possible confounders that were considered included age, sex, estimated glomerular filtration rate (eGFR), SYNTAX score, symptom-onset-to-balloon time, history of atrial fibrillation, HF, and myocardial infarction in both analyses. We selected generally known factors affecting high Killip class and prognosis as specified variables in the multivariate model from previous studies.[@b11-cia-11-1141],[@b12-cia-11-1141],[@b14-cia-11-1141]

Differences in previous stroke history, BMI, anemia, and hypoalbuminemia were significant, but these factors contributed to low ADL and reflected low ADL; therefore, we considered them as intervening factors rather than confounding factors in the multivariate model.

Discussion
==========

In this study, we recognized the importance of geriatric conditions, such as disability, and demonstrated that prehospital ADL, reflecting physical age, were a significant predictor of HF complications and prognosis in elderly AMI patients, irrespective of age and sex. Additionally, those with low ADL had a higher incidence of HF complications (Killip class II--IV) and poorer prognosis than those with preserved ADL.

In the study period, patients ≥75 years old accounted for 42.9% of all AMI patients who underwent primary PCI in Nagano Red Cross Hospital. This is a high percentage compared to that in Western countries because of remarkable population aging in Japan.[@b8-cia-11-1141],[@b9-cia-11-1141],[@b17-cia-11-1141],[@b18-cia-11-1141] In the present study, we focused on not only elderly patients but also those with low ADL, who have not often been enrolled in clinical trials or studies.

Patient age is an important determinant of outcome. However, a meta-analysis revealed that reduction in the mortality and morbidity by primary PCI was independent of patient age in STEMI.[@b19-cia-11-1141] Savonitto et al[@b20-cia-11-1141] reported that early invasive treatment for elderly patients was beneficial in non-ST-segment elevation acute coronary syndrome with elevated troponin levels. Therefore, primary PCI for elderly STEMI or non-STEMI patients was considered a reasonable and feasible procedure. In the absence of any particular reason or contraindication, primary PCI and early reperfusion are the first-line treatment choice for AMI, even for elderly patients.

Information about prognosis is essential for obtaining informed consent, especially in acute diseases requiring invasive therapy, such as AMI. The mortality of elderly patients with low ADL is substantially higher compared to the standard prognosis of AMI in Japan.[@b21-cia-11-1141] HF is one of the most common complications of AMI. The Killip classification is a simple clinical scale measuring severity of HF complications and is an important determinant of outcome in acute coronary syndrome. Generally, older patients have a higher incidence of HF complications (Killip class II--IV) than younger patients.[@b14-cia-11-1141] We demonstrated that ADL also predicted HF complications (Killip class II--IV) in elderly patients. The low ADL group had high prevalence of prior HF, although this was not statistically significant due to the small size of the study. This may affect the higher incidence of Killip class II--IV in patients with low ADL. These findings regarding prognosis and HF complications are useful to obtain better informed consent when performing primary PCI; furthermore, they enable providers to provide careful management for elderly AMI patients, especially those with low ADL.

In our study, elderly patients with low ADL had a higher prevalence of stroke history than those with preserved ADL. Stroke history is not only one of the possible causes of ADL impairment but also a reflection of polyvascular diseases in elderly AMI patients. Patients with coronary artery diseases with one or more atherosclerotic lesions have a poor prognosis.[@b22-cia-11-1141] Elderly patients with low ADL had a characteristic background related to aging, malnutrition, and frailty, such as low BMI, anemia, and hypoalbuminemia. Serum albumin level is an epidemiological predictor of adverse outcomes and mortality, not just in cardiovascular diseases.[@b23-cia-11-1141],[@b24-cia-11-1141] Anemia is a risk factor for cardiovascular disease outcome in the general population.[@b25-cia-11-1141] Elderly patients with low ADL had lower eGFR, although without significance. Low eGFR has been widely known as a predictor of cardiovascular mortality.[@b26-cia-11-1141]

Although there were some differences in patient backgrounds among the groups, coronary artery complexity according to SYNTAX score and prevalence of multivessel disease were not significantly different, and we found it somewhat surprising that door-to-balloon and symptom-onset-to-balloon times were not significantly longer in elderly patients with low ADL. In primary PCI for both groups, the TIMI-3 score achievement rate tended to be lower in elderly patients with low ADL, but the difference was not significant. Moreover, in the PCI procedure, the rate of multiple stenting tended to be lower. Although further studies are needed, it is possible that conditions related to low ADL, such as delirium and communication difficulty, influenced the strategy and end point of PCI.

It is noteworthy that elderly patients ≥75 years old with preserved ADL did not have worse prognosis and were not included in the higher incidence of HF complications (Killip class II--IV) when compared with other domestic reports, although they had a high mean age.[@b21-cia-11-1141],[@b27-cia-11-1141] This indicates that advanced age is not necessarily associated with poor prognosis and high incidence of HF complications in elderly AMI patients, especially with preserved ADL.

There are some standard scales to estimate ADL, such as the Barthel index, the Katz index, and the Stanford Health Assessment Questionnaire Disability. We used the independence degree of daily living for the disabled elderly as the ADL scale. This is one of the most widely used scales in Japan in association with long-term care insurance by the government and is more suitable for evaluating brief prehospital ADL, especially in emergency diseases, because of its simplicity of use.

In the present study, we focused on prehospital ADL. Some studies have reported that AMI contributes to declined independence and physical function in survivors.[@b28-cia-11-1141],[@b29-cia-11-1141] As disability itself is a predictor for mortality in an elderly population,[@b5-cia-11-1141],[@b6-cia-11-1141] it is possible that further ADL impairment after admission is also associated with poor prognosis in elderly patients with pre-existing low ADL. Therefore, ADL disability can be a vital factor for elderly patients with AMI both before and after admission.

Conclusion
==========

Prehospital ADL, which reflects physical age, is a significant predictor of HF complications and prognosis in elderly patients with AMI undergoing primary PCI. In addition to chronological age, physical age based on ADL is an important factor in the management of AMI.

Study limitations
=================

This study has several limitations. First, this was a single-center retrospective study and included a small number of patients. The ADL survey results were based on interviews, which thus may have been affected by individual subject variations. Therefore, there may be some bias in the patient population. Second, although ADL was the most important factor, the etiology of low ADL was not elucidated in this study. Third, mortality was composed of only all-cause mortality, and cardiac/noncardiac death was not differentiated.

Contents of this study were presented at The 64th Annual Scientific Session of the American College of Cardiology (ACC.15) on March 14--16, 2015, in San Diego, USA, and at The 80th Annual Scientific Meeting of the Japanese Circulation Society (JCS 2016) on March 18--20, 2016, in Sendai, Japan, as a poster.
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**Note:** The incidence of Killip class II--IV was significantly higher in the low ADL group than the preserved ADL group (23.1% vs 60.0%, *P*=0.0019).\
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![In-hospital mortality rate.\
**Note:** In-hospital mortality rate was significantly higher in the low ADL group than the preserved ADL group (5.8% vs 30.0%, *P*=0.0068).\
**Abbreviation:** ADL, activities of daily living.](cia-11-1141Fig2){#f2-cia-11-1141}

![Kaplan--Meier curves of survival for patients ≥75 years old with preserved ADL (preserved ADL group) and low ADL (low ADL group).\
**Note:** The incidence of all-cause death within 1 year was significantly higher in the low ADL group (7.7% vs 43.4%, *P*\<0.0001).\
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###### 

Independence degree of daily living for the disabled elderly

  --------------------- ------------ --------------------------------------------------------------------------------------------------------------------------------
  **Self-supported**    **Rank J**   **Some disabilities, but daily living is mostly independent; capable of going outdoors unassisted.**
                        1            Goes outdoors with means of transportation, etc.
                        2            Goes out near home.
  **Quasi-bedridden**   **Rank A**   **Indoor living predominantly independent, but unable to go out without assistance.**
                        1            Goes out with assistance, spending most of the time during the daytime out of bed.
                        2            Does not go out frequently, repeating cycles of lying down on and getting up from the bed during the daytime.
  **Bedridden**         **Rank B**   **Some assistance needed for indoor living, also lies in bed for much of the daytime, although sitting position is possible.**
                        1            Uses a wheelchair without assistance, takes meals, and excretes/urinates off the bed.
                        2            Uses a wheelchair with assistance.
                        **Rank C**   **Bedridden all day, requires assistance with excretion/urination, meals, and dressing/undressing.**
                        1            Capable of changing posture in bed.
                        2            Unable to change posture in bed without assistance.
  --------------------- ------------ --------------------------------------------------------------------------------------------------------------------------------

**Note:** Prehospital ADL was evaluated according to the scale for independence degree of daily living for the disabled elderly by the Japanese Ministry of Health, Labour, and Welfare based on interviews.

**Abbreviation:** ADL, activities of daily living.

###### 

Patient characteristics

                            Overall       Preserved ADL   Low ADL       *P*-value
  ------------------------- ------------- --------------- ------------- -----------
  n                         82            52              30            
  Mean age ± SD (years)     83.3±5.1      81.8±4.8        85.8±4.7      \<0.001
  Male (%)                  52.4          59.6            40.0          0.14
  BMI (kg/m^2^) ± SD        22.0±3.2      22.6±2.5        21.0±3.9      0.028
  Hypertension (%)          74.4          76.9            70.0          0.67
  Dyslipidemia (%)          40.2          40.4            40.0          1.0
  Diabetes (%)              34.1          30.8            40.0          0.54
  Current smoker (%)        6.1           9.6             0             0.16
  Previous smoker (%)       34.1          44.2            16.7          0.027
  Previous MI (%)           6.1           7.7             3.3           0.75
  Previous stroke (%)       20.7          11.5            36.7          0.016
  History of HF (%)         3.7           1.9             6.7           0.62
  Atrial fibrillation (%)   15.9          17.3            13.3          0.87
  Hemoglobin (g/L)          0.130±0.019   0.135±0.016     0.121±0.019   \<0.001
  Albumin (g/L)             39±4          40±3            37±4          0.0032
  eGFR (mL/min/1.73 m^2^)   53.6±17.6     56.5±17.5       48.7±16.8     0.054
  Triglyceride (mmol/L)     0.93±0.54     0.89±0.40       0.97±0.76     0.53
  HDL-C (mmol/L)            1.3±0.3       1.3±0.3         1.2±0.3       0.69
  LDL-C (mmol/L)            2.6±0.7       2.8±0.6         2.4±0.9       0.06
  EPA/AA                    0.47±0.41     0.50±0.50       0.41±0.20     0.41
  HbA1c (%)                 6.3±1.2       6.2±1.0         6.5±1.5       0.23

**Note:** Data presented as mean ± SD unless stated otherwise.

**Abbreviations:** ADL, activities of daily living; BMI, body mass index; MI, myocardial infarction; HF, heart failure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; EPA, eicosapentaenoic acid; AA, arachidonic acid; HbA1c, glycosylated hemoglobin; SD, standard deviation.

###### 

Principal conditions of acute myocardial infarction

  Condition                         Overall     Preserved ADL   Low ADL     *P*-value
  --------------------------------- ----------- --------------- ----------- -----------
  n                                 82          52              30          
  STEMI (%)                         81.7        80.8            83.3        1.0
  Symptom-onset-to-balloon time                                             
   0--4.5 hours (%)                 40.2        42.3            36.7        0.65
   \>4.5--12 hours (%)              31.7        28.8            36.7        0.47
   \>12 hours or unknown (%)        28.0        28.8            26.7        1.0
   Door-to-balloon-time (minutes)   122±100     117±88          132±120     0.54
   SYNTAX score                     14.5±7.7    14.5±8.1        14.4±7.0    0.98
  Culprit vessels                                                           
   LAD (%)                          53.7        50.0            60.0        0.49
   LCx or RCA (%)                   43.9        48.1            36.7        0.36
   LMT (%)                          2.4         1.9             3.3         1.0
   Multivessel diseases (%)         39.0        36.5            43.3        0.71
   Peak CK (µkat/L)                 37.8±33.4   36.3±29.8       40.4±39.3   0.60
   TIMI3 achievement (%)            81.7        88.5            70.0        0.074
   Single stenting (%)              62.2        57.7            70.0        0.35
   Multiple stenting (%)            28.0        32.7            20.0        0.31
   Other procedure (%)              9.8         9.6             10.0        1.0

**Note:** Data presented as mean ± standard deviation unless stated otherwise.

**Abbreviations:** ADL, activities of daily living; STEMI, ST-segment elevation myocardial infarction; LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery; LMT, left main trunk; CK, creatine kinase; TIMI3, thrombolysis in myocardial infarction-3 score.

###### 

Univariate and multivariate analysis

  Outcome (%)                     Preserved ADL (n=52)   Low ADL (n=30)    Unadjusted          Adjusted[a](#tfn7-cia-11-1141){ref-type="table-fn"}                       
  ------------------------------- ---------------------- ----------------- ------------------- ----------------------------------------------------- ------------------- --------
  Killip class II--IV             23.1                   60.0              5.00 (1.89--13.2)   0.0012                                                5.11 (1.52--17.2)   0.0083
                                                                                                                                                                         
  **HR (95% CI)**                 ***P*-value**          **HR (95% CI)**   ***P*-value**                                                                                 
                                                                                                                                                                         
  All-cause mortality in 1 year   7.7                    43.3              6.99 (2.28--21.5)   0.00068                                               4.32 (1.31--14.3)   0.017

**Note:**

Considered confounders: age, sex, eGFR, SYNTAX score, symptom-onset-to-balloon time, history of myocardial infarction, HF, and atrial fibrillation.

**Abbreviations:** ADL, activities of daily living; OR, odds ratio; CI, confidence interval; HR, hazard ratio; eGFR, estimated glomerular filtration rate; HF, heart failure.
